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DY 50.1 Fri 10:00 HI1S8
Anomalous cooling and overcooling of active colloids —
eFABIAN JAN SCcHWARZENDAHL and HARTMUT LOWEN — Institut fiir
Theoretische Physik II: Weiche Materie, Heinrich-Heine-Universitat
Diisseldorf, 40225 Diisseldorf, Germany

The phenomenon that a system at a hot temperature cools faster than
at a warm temperature, referred to as the Mpemba effect, has been
recently realized for trapped colloids. Here, we investigate the cooling
and heating process of a self-propelling active colloid using numerical
simulations and theoretical calculations with a model that can directly
be tested in experiments. Upon cooling activity induces a Mpemba
effect and the active particle escapes an effective temperature descrip-
tion. At the end of the cooling process the notion of temperature is
recovered and the system can exhibit even smaller temperatures than
its final temperature, a surprising phenomenon which we refer to as
activity-induced overcooling.

DY 50.2 Fri 10:15 HIS
Active Ornstein-Uhlenbeck model for self-propelled particles
with inertia — eGia Huy PHiLiPP NGUYEN, RENE WITTMANN, and
HarTMUT LOWEN — Institut fiir Theoretische Physik II: Weiche Ma-
terie, Heinrich-Heine-Universitat Diisseldorf, Germany

Self-propelled particles, which convert energy into mechanical motion,
exhibit inertia if they have a macroscopic size or move inside a gaseous
medium, in contrast to micron-sized overdamped particles immersed
in a viscous fluid. We have studied an extension of the active Ornstein-
Uhlenbeck model, in which the self-propulsion is described by colored
noise, to access these inertial effects affecting their translational mo-
tion [1]. In this talk, analytical solutions of the mean displacement,
mean-squared displacement and velocity autocorrelation function will
be discussed for a free active particle and in more general settings in-
cluding an active dimer, a time-dependent mass and various external
forces.

[1] G. H. P. Nguyen, R. Wittmann, H. Lowen, J. Phys.: Condens.
Matter 34, 035101 (2021)

DY 50.3 Fri 10:30 HI1S8
A quantitative scattering theory of active particles —
eTuomas InLe!, RUbpiIGER KURsTEN!, and BENJAMIN LINDNER?Z
— lnstitute for Physics, University of Greifswald, Greifswald —

2Institute for Physics, Humboldt University of Berlin, Berlin

We consider a particular model of self-propelled particles with
Kuramoto-type alignment interactions. Starting from the N-particle
Fokker-Planck equation we observe that the usual factorization Ansatz
of the probability density, often called Molecular Chaos approxima-
tion, predicts a relaxation behavior which qualitatively disagrees with
agent-based simulations. Therefore, we develop a scattering theory
which resolves the time-evolution of the two-particle correlation func-
tion, i.e. goes beyond the mean-field approximation. The theory does
not require input from agent-based simulations; it is self-consistent and
leads to analytical expressions. We show that this theory predicts the
relaxation behavior of the system and the transport coefficients with
high precision in certain parameter ranges.

DY 50.4 Fri 10:45 HI8
Hierarchical self-organization in communicating polar ac-
tive matter — ®ALEXANDER ZIEPKE!, IVAN MARYSHEV!, IGOR S.
Aranson?, and ErwiN FrReEy! — !Ludwig-Maximilians-Universitit
Miinchen, Miinchen, Germany — 2Pennsylvania State University, Uni-
versity Park PA, USA

Self-organization in active matter plays an important role for vari-
ous biological and artificial systems. In numerous cases, inter-agent
communication is a key mechanism for the formation and localization
of critical structures, such as the fruiting body in Dictyostelium dis-
coideum or aggregation clusters in quorum-sensing bacteria. Despite
its importance, the specific role of communication and its interplay
with self-propulsion remains largely unexplored.

We propose a model for communicating active matter that endows
self-propelled polar agents with information processing and signal re-
laying capabilities. We show that information processing greatly en-
riches the ability of these systems to form complex structures, allowing
them to self-organize through a range of different collective dynamical

Location: H18

states at multiple hierarchical levels. This provides insights into the
role of self-sustained signal processing for self-organization in biological
systems and opens pathways for applications using chemically driven
colloids or microrobots.

DY 50.5 Fri 11:00 HI18
Collective transport of microparticles by active cells —
eROBERT GROssMANN!, KEVIN MEISSNER!, FERNANDO PERUANIZ,
and CARsTEN BreTa! — !University of Potsdam, Potsdam, Germany

— 2QY Cergy Paris Université, Cergy-Pontoise, France

Motivated by the challenge of targeted delivery of micron-sized objects,
we investigate a novel type of bio-hybrid active matter, composed of
motile cells acting as autonomously moving agents that transport pas-
sive cargoes. The transport process is a collective phenomenon: a bead
can be lost by one cell and may picked up by another one, or multiple
cells transport one bead together, thereby giving rise to an intermit-
tent, stochastic stop-and-go dynamics. Combining experiment and
active matter theory, we investigate the emerging transport properties
of this system. We first deduce the waiting time distributions of ac-
tive and passive transport episodes from experiments with the amoeba
Dictyostelium discoideum: whereas the duration of actual transport
phases — determined by the time that cells and cargoes are in contact
— are exponentially distributed, the waiting time distribution for pas-
sive periods exhibits power-law characteristics which results from the
search of cells looking for immobile colloids. We predict displacement
distributions and the mean-squared displacement of colloids based on
the statistics of waiting times and particularly point out a crossover
from normal to subdiffusive scaling. These results provide the basis
for the future design of cellular micro-carriers and for extending our
findings to more advanced transport tasks in complex, disordered en-
vironments, such as tissues.

DY 50.6 Fri 11:15 HIS8
Odd viscosity and active turbulence of hydrodynamic

microrotors — eJoscua MEecke!, Yoncexiang Gao?, DIrk
1

G.A.L. Aarrs®, ALBERTO MEDINA', GERHARD GoMPPER!, and
MarisoL Riporr! — !Institute of Biological Information Processing,
Forschungszentrum Jiilich, Germany — 2Institute for Advanced Study,
Shenzhen University, China — 2Department of Chemistry, University

of Oxford, UK

Suspensions of rod-like silica colloids with a ferromagnetic head are
considered in a rotating magnetic field applied parallel to a substrate.
The magnetic moment is oriented perpendicular to the rod axis which
implies a non-equilibrium vertical orientation to the substrate and syn-
chronous spinning in the rotating field. We combine experiments and
simulations to study the collective properties of these rotors. The hy-
drodynamic flows generated by the colloid rotations induce a cascade
of translational motions in the neighbouring colloids. Thus, the rotors
can be regarded as active matter with transport coefficients varying
with local configuration and thus rotor density. The competition be-
tween hydrodynamic and steric interactions renders the translational
dynamics non-monotonous in rotor density. The ensemble dynamics
shows the emergence of eddies of various sizes reminiscent of turbu-
lence. Furthermore, the rotor fluid is a realisation of a chiral active
fluid with odd viscosity, that manifests itself in stress forces orthog-
onal to the direction of shear. In vortex flow, the stress acts like an
effective pressure leading to density-vorticity correlations. Our exper-
imental and numerical results are found to be in agreement.

DY 50.7 Fri 11:30 HI18
Two-temperature activity drives liquid-crystal and crystalline
order in soft repulsive spherocylinders — eJAYEETA CHAT-
TOPADHYAY, SINDHANA PANNIR-SivajoTHi, KAARTHIK VARMA, SRI-
RAM Ramaswamy, CHANDAN Dascuprta, and PraBaL K. Maitr —
Centre for Condensed Matter Theory, Department of Physics, Indian
Institute of Science, Bangalore 560012, India

We study the scalar activity induced phase separation and liquid crys-
tal ordering in a system of Soft Repulsive Spherocylinders (SRS) of
various aspect ratios (L/D). Activity was introduced by increasing the
temperature of half of the SRS (labeled ‘hot’) while maintaining the
temperature of the other half constant at a lower value (labeled ‘cold’).
The difference between the two temperatures scaled by the lower tem-
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perature provides a measure of the activity. We find that activity
drives the cold particles through a phase transition to a more ordered
state and the hot particles to a state of less order compared to the
initial equilibrium state. For L/D = 5, the cold components of a ho-
mogeneous isotropic (I) structure acquire nematic (N) and, at higher
activity, crystalline (K) order. Similarly, the cold zone of a nematic
initial state undergoes smectic (Sm) and crystal ordering while the
hot component turns isotropic. Interestingly, we observe liquid crystal
ordering for the spherocylinders having aspect ratio below Onsager’s
limit. The hot particles occupy a larger volume and exert an extra ki-
netic pressure, confining, compressing and provoking an ordering tran-
sition of the cold-particle domains.
Ref:Phys. Rev. E104, 054610 (2021).

DY 50.8 Fri 11:45 HIS8
Spontaneous trail formation in populations of communicating
active walkers — ZAHRA MokHTARI', ROBERT I. A. PATTERSONZ,
and eFrLix HOFLING! 3 — Dept. Mathematics and Computer Sci-
ence, Freie Universitiat Berlin — 2WIAS Berlin — 3Zuse Institute

Berlin

How do ants form long stable trails? Despite abundant evidence that
trail formation in colonies of insects or bacteria originates in their
sensing of and responding to the deposits of chemicals that they pro-
duce, there is no consensus on the minimum required ingredients for
this phenomenon. To address this issue, here, we develop an agent-
based model in terms of active random walkers communicating via
pheromones, which can generate trails of agents from an initially ho-
mogeneous distribution [1]. Based on extensive off-lattice computer
simulations we obtain qualitatively the non-equilibrium state diagram
of the model, spanned by the strength of the agent-chemical interaction
and the number density of the population. In particular, we demon-
strate the spontaneous formation of persistent, macroscopic trails, and
highlight some behaviour that is consistent with a dynamic phase tran-
sition. We also propose a dynamic model for few macroscopic observ-
ables, including the sub-population size of trail-following agents, which
captures the early phase of trail formation. At high densities and for
strong alignment, we observe that rotating clusters (“ant mills”) are
more stable than trails and can swallow them up.

[1] Z. Mokhtari, R. I. A. Patterson & F. Hofling, New J. Phys. 24,
013012 (2022).

15 min. break

DY 50.9 Fri 12:00 HI1S8
Dynamics of microalgae in a porous environment — eFLORIAN
voN RuLiNG, LiuBov BakucHova, DMITRY PUzZYREV, ULRIKE STEIN-
MANN, and ALEXEY EREMIN — Otto von Guericke University Magde-
burg, Germany

The navigation through complex environments is a task the microal-
gae Chlamydomonas reinhardtii are frequently confronted with in their
natural habitats, where they encounter suspended and sedimented par-
ticles as well as rough surfaces. To investigate the motion in heteroge-
neous surroundings, we observe dilute and crowded active colloidal sus-

pensions of Chlamydomonas in quasi-two-dimensional microstructured
PDMS-channels. Arrays of cylindrical or elongated pillars with vary-
ing lattice spacing and obstacle orientation serve as artificial porous
environments. The swimmer behaviour is characterised by means of
velocity and orientation autocorrelation functions, trajectory straight-
ness, velocity distributions and the reflection/transmission coefficients
for the porous segments.

DY 50.10 Fri 12:15 H18
Extending the active Phase Field Crystal model to describe
motility-induced condensation and crystallization — eMax
PuiLiep Horn! and Uwr TuieLeb2 — lInstitut fiir Theoretische
Physik, Universitit Miinster — 2Center for Nonlinear Science, Uni-
versitdt Miinster

The passive conserved Swift-Hohenberg equation (or phase-field-
crystal [PFC] model) corresponds to a gradient dynamics for a single
order parameter field related to density [1]. It provides a microscopic
continuum description of the thermodynamic transition between lig-
uid and crystalline states. A recent extension allows one to investigate
both, vapour-liquid and liquid-solid transitions [3]. We first discuss the
bifurcation and phase structure of this passive, i.e., thermodynamic
model. Our subsequently introduced extension of the standard active
PFC model [2] is able to describe passive and active (motility-induced)
vapour-liquid and liquid-solid transitions. This is shown through a bi-
furcation and phase analysis based on path continuation supplemented
by time simulations.

[1] H. Emmerich, H. Léwen, R. Wittkowski, T. Gruhn, G. I. Téth, G.
Tegze, and L. Granésy. Phase-field-crystal models for condensed mat-
ter dynamics on atomic length and diffusive time scales: an overview.
Adv. Phys., 61:665-743, 2012 [2] A. M. Menzel and H. Léwen. Trav-
eling and resting crystals in active systems. Phys. Rev. Lett.,
110:055702, 2013 [3] Z.-L. Wang, Z. Liu, Z.-F. Huang, and W. Duan.
Minimal phase-field crystal modeling of vapor-liquid-solid coexistence
and transitions. Phys. Rev. Materials, 4:103802, 2020

DY 50.11 Fri 12:30 H18
Engines driven by active fields — ePaTrick PieTzonkal and
MicHAEL E. CaTes? — 'Max Planck Institute for the Physics of Com-
plex Systems, Dresden, Germany — 2Department of Applied Mathe-
matics and Theoretical Physics, University of Cambridge, United King-
dom

On macroscopic scales, where trajectories of individual particles cannot
be observed, active matter may appear like matter in thermal equilib-
rium. We discuss how the non-equilibrium character of active matter
can nonetheless be revealed by using it as a working medium of engines
delivering mechanical work in an isothermal environment. We focus on
scalar active field theories such as the active model B as minimal con-
tinuum models for active matter undergoing a phase separation. The
shape and chemical potential of droplets can be controlled through
external potentials and activity patterns. We show how an asymmet-
ric periodic activity pattern can drive a flow of active matter against
an external force, thus acting as an autonomous engine. Moreover,
we calculate and optimise the work that can be extracted by a cyclic
engine that manipulates the activity and the potential landscape.



